This paper discusses the issue of how to solve multi-criteria decision making (MCDM) problems by applying fuzzy logic. Multicriteria decision-making problems often involve a complex decision process in which multiple requirements and fuzzy conditions have to be taken into consideration simultaneously. Fuzzy set theory provides the mathematical technique for the systematic handling of imprecise data. This paper outlines an evaluation-framework which integrates fuzzy logic with multi-criteria decision-making in the context of an infrastructure planning. Furthermore, the proposed approach is applied to a real decisional problem connected to the planning and construction of a new railway link to demonstrate the applicability of the proposed method. The study results show that this method is an effective means for tackling MCDM problems in a fuzzy environment.
Introduction
The planning of any intervention on a transport network requires an analysis of the compatibility (economical, technical and environmental) and a comparison of the considered alternatives in order to reach a global optimal-solution. Several methods of valuation to make rational the decision-making process and to facilitate the identification of best choice have been proposed (Matsatsinis and Samaras, 2001 , Munda et al., 1995 , Medda and Nijkamp, 2003 , Keeney and Raiffa, 1993 . The proposed approaches contrast rather than complement each other, for example in conventional cost-benefit analysis versus qualitative multi-criteria methods or Bayesian decision theory versus prospect theory. This situation has positively encouraged widespread research on a best method for decision processes, such contrasting characteristics of meta-research on proper assessment methods have, at times, also created opposing and even dogmatic schools of thought. The multi-criteria methods are particularly suited to decision problems where a cardinal preference or ranking of the decision alternatives is required. In addition, these methods are the most appropriate quantitative tools for group decision support systems (Bose et al., 1997) . The multi-criteria methods can be divided, on the base of the number of alternatives, in two categories. A finite number of alternatives concern the multi-attribute problems (MADM); an endless number of alternatives concerns the multi-objective problems. In the multi-attribute analysis to each alternative is associated a level of satisfaction of the attributes on the base of which the final decision is assumed. In evaluating decision alternatives in new problem settings, the assessment data for the alternatives performance ratings and for the criteria/attributes weights are often not available and have to be assessed subjectively by the decision makers, the stakeholders or the experts. The subjective evaluation process is intrinsically imprecise, due to the characteristics of new problem settings, particularly in relation to newly generated alternatives or vaguely defined qualitative evaluation criteria. To reflect the inherent subjectiveness and imprecision involved in the evaluation process, the concept of fuzzy sets is often used (Zadeh, 1965 , Zadeh, 1975 , Yager, 1978 , Zimmermann, 2001 ). Modelling using fuzzy numbers has proven to be an effective way for formulating decision problems where the information available is subjective and imprecise (Carlsson, 1982 A fuzzy multi-criteria decision model is used to assess alternatives versus selected criteria through a committee of decision makers, where suitability of alternatives versus criteria, and the importance weights of criteria, can be evaluated in linguistic values represented by fuzzy numbers (Chen and Hwang, 1992) . In this paper the proposed methodology combines different assessment methods within the same framework in relation to a given railway planning problem.
Methodology
A MADM (Multi-attribute decision-making) problem can be expressed by an m×n decisional matrix as follows: 
where hk x ,  h, k is the fuzzy rating, these values can be indicated by a triangular fuzzy number ( , , ) hk hk hk hk x a b c  [14] .
Fuzzy numbers
In this section, the basic definitions of fuzzy sets utilized in the paper, are briefly reviewed (Zadeh, 1965 , Kuo et al., 2006 , Zimmermann, 2012 . A fuzzy set A in a universe of discourse X is a set of ordered pairs: 
L and R are two strictly increasing function on [0, ). A triangular fuzzy number n can be defined by a triplet (a1, a2, a3) ( Figure 2 ) and its membership function n  is of the form: A is a fuzzy matrix, if at least an entry in A is a fuzzy number (Bose et al., 1997) . A linguistic variable is a variable whose values are linguistic terms (Zadeh, 1975) . The concept of linguistic variable is very useful in dealing with situations which are too complex or too ill-defined to be reasonably described in conventional quantitative expressions. These linguistic values can be represented by fuzzy numbers as shown in the following example. Figure 3 -Linguistic terms for fuzzy ratings 0
New technique for decision making
In order to ensure compatibility between evaluation of objective criteria and linguistic ratings of subjective criteria, a normalization method is utilized to transform the various criteria scales into a comparable scale.
To avoid complex calculation, we used the linear scale normalization proposed by Hsu and Chen (1994) and Chen and Klein (1997) , to transform the various criteria scales into a comparable scale. Through this method, we obtain the normalized fuzzy decision matrix, denoted by
Very poor (VP) (0, 0, 1) Poor (P) (0, 1, 3) Medium poor
(1, 3, 5) Fair (F) (3, 5, 7) Medium good (MG) (5, 7, 9) Good (G) (7, 9, 10) Very good (VG) (9, 10, 10) 
where B is benefit criteria set, C is cost criteria set. The normalization method mentioned above is used to preserve the property that the ranges of normalized triangular fuzzy numbers belong to [0, 1]. After normalization of various indicators scales, to define a preference relation of alternative Ai over Aj, we compared, for each criteria, the distance between comparative sequence (possible alternative) Ai and some predetermined targets (Tran and Duckstein, 2002): i.e. the crisp maximum (cmax) and the crisp minimum (cmin). Hence, an alternative is ranked first if its total distance to the crisp maximum is the smallest but its total distance to the crisp minimum is the greatest. (8) The distance between a triangular fuzzy numbers (a1, a2, a3) and the crisp maximum and minimum, can be calculated as [18] where M is either cmax or cmin.
After each distance is calculated, we obtain two distance matrix H and K denoted by:
At last, considering the different importance of each criterion, we have two final distance for each considered alternative as:
where wk is the weight of criterion Ck. The weights can be calculated using different mathematical approach (Saaty, 1988 , Saaty, 2000 , Saaty, 2006 ).
Numerical example
In this section, we illustrate an application of the illustrated assessment methodology for a transport planning decision. We want to demonstrate the applicability of the proposed approach to transport infrastructures design problems. These types of problems have particular characteristics for the complexity of the considered variables (environmental, social and technical/economical) and of the interested stakeholders. The principal difficulties depend from the numerous aspects to be considered in the choice and from the necessity to consider assessment conflicting criteria. The hierarchical structure of the analysed evaluation problem consists of 3 levels. The first level represents the ultimate goal of the evaluation problem (risk assessment of landfills), the second level represents the different type of decision criteria and the third represents the spatial or non-spatial attributes of the precedent criteria level. 
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Results
In this section, we illustrate the computational steps of the proposed method.
Step 1. The decision makers use the AHP eigenvector method to calculate the weights of all criteria (Saaty, 1988) .
Step 2. The decision-makers use the linguistic variables ( Figure 3) and numerical values to evaluate the rating of the alternatives with respect to each criterion ( Table  2) .
Step 3. According to Figure 3 , the fuzzy decision matrix is constructed as shown in Table 3 . Where the crisp numbers have been transformed in triangular fuzzy number considering the fuzzy concept "approximately equal". Table 2 -The decision matrix Table 3 -The fuzzy decision matrix
Step 4. Construct the fuzzy normalized decision matrix by using Eq. (3). The results are shown in Table 4 .
Step 5. Determine the crisp maximum (cmax) and the crisp minimum (cmin).
Step 6. Calculate the distance between each alternative and the crisp maximum and minimum by Eq. 9. Then, construct the two distance matrixes H and K as shown in Tables 5 and 6 . Step 7. Calculate the two final distances/scores for each alternative by Eqs. (11) .
The results of the analysis allow affirming that the best alternative is the option A because its total distance to the crisp maximum is the smallest but its total distance to the crisp minimum is the greatest.
Conclusions
This paper proposes a fuzzy multi-criteria decision-making approach to solve the decisional problem of a transport infrastructure planning. In the proposed methodology, the concepts of fuzzy numbers, crisp numbers and linguistic variables can be applied to evaluate both the linguistic and crisp data without any constraints. In the second part of the paper, the proposed method was applied to a real decisional problem: the planning of a new rail link. In the applicative phase the analysis tool was defined in a way that allows to explicit in the best manner the problem, aiming at the two main aspects: 1. representation of the linguistic indicators by the use of fuzzy numbers; 2. use of weights (that is the preferences of the choice setters). Although the presented method is illustrated by a planning alternative selection problem, it could also be applied to many other areas of management decision problems or strategy selection problems. 
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